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CONFIGURATIONS AND METHODS FOR WAVE ENERGY EXTRACTION 

Field of The Invention 

Energy generation \jsing wave energy. 

5 Background of The Invention 

Ocean waves have been regarded as a potential source for energy extraction for over 200 
years and many devices have been constructed to that end. However, all or almost all of the 
currently known devices fail to extract sufficient energy in an economic manner. 

For example, many wave energy harvesters utilize alternating peaks and troughs of ocean 
10 waves to raise and lower part of the harvester to thereby extract mechanical energy from relative 
motions of at least two portions of the device. Motion . of one portion of such devices is typically 
due to flotation on the rising and falling water surface as a wave passeis the device which is in a 
relatively fixed position. Since the quantity of energy harvested is directly proportional to the 
weight of the device on the down stroke, or the buoyancy force on the upstroke, most known 
15 devices lag the wave. Typically, such devices sink as the water rises until relative buoyancy 

(I * * 

increases sufficiently to force the device upwards, and then emerge onto or above the water 
surface as the wave falls, since the dovmward stroke is used. to extract energy from the device. As 
such devices are based on buoyant forces generated by the up-and-down motion of the wave, they 
are also known as point-absorbers. 

20 For point absorbers which use buoyancy as the predominant actuating force, a float or 

other buoyant portion is tethered to a structure below the surface and the upward pull on the 
tether transmits the force that is harvested as energy. An exemplary device is described at the 
web address http://www.seapower.cc/. In such devices, the buoyant floats are attached to a fixed 
point via a flexible tether, and therefore are subject to tilting of the float upon forward force 

25 impingement of a wave. Moreover, due to the V-shaped cross-section of the buoyant floats, the 
floats will typically submerge further than a comparably sized flat float. 

In other known waver energy generators, the forward momentum of a wave is exclusively 
used. Such devices are commonly known as oscillating water coltmm devices, in which the wave 
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rushing into a cavity pushes air out of the cavity through a turbine. Alternatively, such devices 
allow a wave crest to rush into a cavity that is hydraulically coupled to one or more turbine. An 
exemplary device is described at the web address http://www.waveplane.com . Depending on the 
location, the forward momentum of a wave is substantial, and most clearly evidenced in breaking 
waves or waves used by surfers. While such wave energy harvesters are often mechanically more 
simple and operate at relatively high efficiencies, various disadvantages remain. Among other 
things, only a portion of the wave energy is translated into harvested energy, and potentially 
usable energy from the up-and-down motion of the wave are typically lost. 

Therefore, although numerous wave energy harvesters are known in the art, all or almost 
all of them suffer from one or more disadvantages. Consequently, there is still a need to provide 
improved configurations and devices for wave energy extraction. 

Detailed Description 

The inventors discovered that the forward and backward movement of water during wave 
movement as well as the up and down movement of water during wave movement can be 
extracted in a single device in which a hydrofoil or hull translates the forward and backward 
movement of water into an increased up and down movement, which can be extracted in 
numerous known manners. Contemplated configurations and devices may also be employed to 
stabilize a floating device against the up and down and/or side-to- side buoyant forces of waves, 
or to increase such motion where desired. In one exemplary and generally contemplated aspect, a 
planing hull shape or hydrofoil is coupled to the bottom of a flat float. 

Waves are epiphenomena, the propagation through time and space of an original 
disturbance, whose energy is propagated by imparting motion to water elements. This vorticity 
gives the appearance of the rise and fall of the water surface. The horizontal profile of a wave is, 
however, in a first approximation a cycloid. Therefore, the water in a wave is actually in motion. 
At the top of the peak, the water is moving forward with the speed of the wave itself, while in the 
trough the water is moving backwards with a much lower velocity. As the wave peak approaches, 
the water elements rise, and as it recedes, they fall. Here we propose to generate force from the 
actual movement of the water elements to extract energy from the wave. 
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Waves travel at characteristic velocities, which for significant ocean waves range from 1 0 
to 40 km per hour. These are the speeds used to generate lift from hydrofoils or induce planing in 
speedboats. Because water is so much denser than air, one can generate considerable lifting force 
from a relatively small shape. Thus, it should be appreciated that by incorporating a lifting shape 
5 into the moving element of a wave energy harvester, one can increase the height attained at the 
peak of the wave. Moreover, by appropriate design, the same elements can pull the moving 
element down during the reverse motion of the trough. * 

As ah example for such a concept, a known energy harvester (e.^., as described in U.S. 
Pat. No. 6,045,339) is modified by adding hydrofoils to at least one of the floats. As originally 

10 described, the wave harvester of the 339 patent uses three floats attached by arms to a triangular 
central float. As the arm floats move up and down relative to the central float, the arras actuate 
pumps to harvest the energy. The power output of the device is determined by the height reached 
by the floats, which is limited by the height of the waves. As can be readily recognized, hydrofoil 
elements coupled to the device below the floats, or an angled or planing hull design of the floats, 

15 or a combination, would lift the floats higher at the peak of the wave. Therefore the device would 
harvest more energy on each dovm stroke. Moreover, in the case of open hydrofoil elements in 
the water below the floats, the reversed horizontal flow in the trough of the wave would pull the 
float down below its neutral buoyancy, therefore increasing the travel of the pump and the energy 
harvested even ftirther. 

20 It should fiuther be appreciated that the lift generated by the forward motion of the wave 

will increase the drag on the dcfvice in the direction of the wave travel. However, the reverse flow 
during the trough will counteract such drag by pulling the device back towards the following 
peak, so overall, hydrofoil additions will not increase the net force on the tether more than the net 
forward motion of the water elements, which is minor. However, hydrofoil elements will 

25 increase drag on the tether of a simple bobbing device. The drag of hydrofoil elements on devices 
with multiple floats in various portions of the wave, such as the "wave motor" of the 339 patent 
above, will experience only the small increase in net drag. 

Any floating device will be subject to waves, and therefore it rises and falls, or tilts, 
depending on size. In the case of floating platforms, such tilting may be undesirable. Using 
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contemplated configurations and methods presented herein, it should also be appreciated that 
elements may be coupled to a floating device that counteract the buoyant force of the waves by 
generating an opposing force from the forward and backwards movement of the water elements. 
Since the height of the wave (i.e., the buoyant force) and its velocity are correlated, such 
dampening will be effective over a range of wave heights. Design criteria for hydrofoils are well 
understood and attaching a hydrofoil array to a floating device to counteract wave motion is 
straightforward. In some cases, such as a bell buoy, the motion caused by waves is desirable, as it 
actuates the bell. Consequently, in such cases the added elements can be configured to increase 
the motion caused by the waves. 

Moreover, it is not necessary to use buoyancy as a source of power extraction from 
waves. An individual element of water rises and falls as the wave passes, yet it has no net 
buoyancy; the force that raises it is simply the upward motion of the water element immediately 
below it. For example, consider a balloon containmg seawater and a small bubble of air will 
barely float at the surface. The density of this balloon does not differ substantially from the water 
around it. The balloon will rise and fall with the waves. If one attaches an energy harvesting 
apparatus to the balloon, one can resist the downward motion of the balloon, lifting it from the 
surface of the water as the wave recedes, and obtain energy from the weight of the no-longer 
submerged water mass it contains. If the balloon is re-submerged before the arrival of the next 
wave, it will be raised by the hydrodynamic upward force, regenerating the potential energy 
harvested during the downward fall. This harvesting takes place without any buoyant effect. 

Therefore, a point absorber can be designed with neutral buoyancy that utilizes only the 
upward force of the water elements of the waves. This device will not suffer from the defect 
outlined above, such that the device must be submerged below its flotation height for a buoyant 
force to develop, but instead the neutrally buoyant weight will be raised the fiiU height of a water 
element at its average depth. Therefore, the thinner such a device is, the higher it will rise with 
the wave and the more useful energy can be extracted by resisting its fall. Specifically, such an 
element should be confined to the upper layer of the ocean. It should act upon anoUier element of 
the wave energy harvester during its fall as a wave recedes so that the neutral buoyancy is 
transformed into a net weight falling through the distance it had been raised, by which energy is 
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extracted. Oscillation between two or more connected elements, all of which are neutrally 
buoyant, is also contemplated here. 

An additional advantage of neutral buoyancy is that during a storm, the top layers of the 
ocean become churned by the breaking waves and therefore the \yater is filled with bubbles, 
5 reducing its density. Any object of neutral buoyancy will sink to the interface with the 

undisturbed water below this churned layer, and therefore be protected from the extreme motions 
of the waves at the surface. Therefore, a wave energy harvester that is neutrally buoyant overall 
will become submerged during a storm and be protected by a layer of water imtil the storm 
passes. Such a neutrally buoyant wave energy harvester can use the horizontal motion of the 

10 water to amplify the relative motion of its elements as well as the hydrodynamic forces to harvest 

* 

wave energy. 

Thus, specific embodiments and applications of energy extraction of waves have been 
disclosed. It should be apparent, however, to those skilled in the art that various modifications 
besides those already described are possible without departing firom the inventive concepts 

15 herein. The inventive subject matter, therefore, is not to be restricted except in the spirit of the 
present disclosure. Moreover, in interpreting the specification, all terms should be interpreted in 
the broadest possible manner consistent with the context. In particular, the terms "comprises * and 
"comprising" should be interpreted as referring to elements, components, or steps in a non- 
exclusive manner, indicating that the referenced elements, components, or steps may be present, 

20 or utilized, or combined with other elements, components, or steps that are not expressly 
referenced. 
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CONTEMPLATED CLAIMS 

What is claimed is: 

1 . A wave energy harvester comprising a moving element shaped to translate forward 
velocity of water of a wave into an upward force 

2. The wave energy harvester of claim 1 wherein the moving element comprises a lifting or 
planing hull. 

3. A wave energy harvester comprising hydrofoil element that produces a bi-directional 
force from horizontal motion of water of a wave, the bi-directional force being directed 
upwards during a peak of the wave and downwards during a trough of the wave. 

4. A floating device comprising a hydrofoil configured to reduce or amplify a buoyant force 
of a wave passing the device. 

4. A wave energy harvester of neutral buoyancy comprising a moving element that is 
configured such that the element is raised by forward water motion of a wave moving 
past the harvester, and such that energy is extracted by resisting lowering of the element 
following passage of the wave. 

5, A wave energy harvester of neutral buoyancy, configured such that the harvester becomes 
submerged when a storm chums a water surface to thereby reduce density of the surface. 
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